Foi desenvolvido um sistema de análise por injeção sequencial para a determinação de sulfato em vinhos. A metodologia foi baseada na formação de BaSO 4 , detectado turbidimetricamente a 420 nm. Visando a diluição e acidificação da amostra, esta e ácido foram enviados para uma câmara de mistura situada numa das portas laterais da válvula de seleção. Após mistura e homogeneização do conteúdo da câmara, várias alíquotas (no máximo 6) foram retiradas e analisadas. O sistema apresentou uma resposta linear entre 300 e 1500 mg L -1 de K 2 SO 4 , usando padrões com etanol a 10% v/v. Os resultados obtidos usando o sistema automático foram estatisticamente comparáveis com os obtidos pelo método de referência, apresentando desvios relativos inferiores a 3,5%. A velocidade de amostragem obtida foi de 5 amostras por hora com desvio padrão relativo (RSD) inferior a 10%.
Introduction
First introduced in 1990, 1 sequential injection (SI) is a simple and convenient concept of flow analysis. In its simplest configuration, SI analysis consists in the sequential aspiration of well defined sample and reagent zones into a holding coil by means of a multi-position valve. The flow is then reversed and the stacked zones are mixed and propelled to the detector, where the reaction product formed is monitored. The main advantages pointed out to SI when compared to other flow methodologies are the possibility of accomplishing different analysis without system reconfiguration 2 and the considerable reagents saving, since its consumption is not continuous. 3 Moreover, many devices can be clustered around the selection valve, such as gas-diffusion/dialysis units, mixing chambers and pre-concentration columns, allowing sample pre-treatment in its different side channels. 4 So far, several manifolds including a mixing chamber in a side channel of the selection valve have been reported. Sample dilution 5 and efficient mixing of sample and reagents 6 were achieved in different systems. Enzyme activity measurement 7 and kinetic determination of analytes 8 were also performed in sequential injection systems equipped with a mixing chamber. Finally, the mixing chamber was also used both as dilution chamber and detection cell when it was connected to a fiber optic detector for determination of total biomass. 9 One of the disadvantages of placing the mixing chamber in a side port of the selection valve is the increased amount of time necessary for each analytical cycle, considering that the chamber must be properly washed after each determination. In the present work, a novel procedure to perform several determinations from the same pre-treated sample is proposed. In order to accomplish this, sample and reagent/carrier could be sent to the mixing chamber; after thorough mixing, several aliquots could be drawn and analyzed, allowing replicate measurements from the diluted sample and avoiding successive washing of the mixing chamber.
The feasibility of this procedure was tested using the determination of sulfate in wines. Sulfate is usually found in musts; additional sulfate in wine may arise from the oxidation of sulfur dioxide or from the addition of calcium sulfate in the treatment known as plastering. 10 Moreover, the fraudulent addition of H 2 SO 4 to wine leads to a clearly detectable increase in sulfate content. Automation of this determination could be interesting considering that the reference method proposed by OIV 11 involves a timeconsuming gravimetric procedure.
The methodology chosen was based on the precipitation of sulfate in the presence of barium chloride in acid media. The precipitate formed was turbidimetrically monitored at 420 nm. As the application of this methodology to wine samples can bring problems related to matrix color and acidity, sample dilution and pH adjustment were required. The proposed procedure was then applied to this particular analytical problem.
Experimental

Reagents and solutions
All chemicals used were of analytical reagent grade with no further purification, and deionized water with a specific conductance less than 0.1 µS cm -1 was used throughout.
A stock standard sulfate solution containing 5000 mg L A washing buffer solution containing 40 g of EDTA (dissodium salt), 7 g of ammonium chloride and 57 mL of 25% (m/m) ammonia, was prepared by dissolving the different chemicals in succession in 500 mL of distilled water and diluting to 1 L. A 1.0 g L -1 polyvinyl alcohol (PVA) solution was prepared by dissolving 0.5 g of solid in 200 mL of boiling water with continuous stirring; after cooling, the volume was made up to 500 mL with water. The reagent solution was prepared by dissolving 4 g of BaCl 2
• 2H 2 O in 20 mL of the PVA solution.
A 0.6 mol L -1 hydrochloric acid solution was prepared by diluting 5 mL of 36% (m/m) hydrochloric acid in 95 mL of water.
Apparatus
A Gilson Minipuls 3 peristaltic pump, equipped with PVC pumping tubes, was connected to the central channel of a ten port electrically actuated selection valve (Valco VICI C25-31180E).
A Novaspec II visible spectrophotometer equipped with a Hellma 178.712QS flow-through cell (internal volume 18 µL) was used as detection system and the wavelength was set at 420 nm.
A mixing chamber (MC), made of acrylic and furnished with a magnetic bar, was placed over a magnetic stirrer; the schematic representation is depicted elsewhere. 12 The internal volume was ca. 900 µL.
Omnifit PTFE tubing (0.5 and 0.8 mm id) and Gilson end-fittings and connectors were used to connect the different parts of the manifold.
Data acquisition and device control were achieved using a 386 personal computer (Samsung SD700) equipped with an Advantec PCL-818HG interface card and a PCLD-8115 wiring terminal board, running a homemade software written in QuickBasic 4.5.
Manifold and procedure
System components were arranged as shown schematically in Figure 1 . The holding coil (HC) length was 300 cm while the reaction coil (RC) length was 50 cm. The tubing connecting the selection valve and the MC was 5 cm long; the waste tubing in the MC was 6 cm long. Other tubing connected to the valve were 30 cm long. All tubing were 0.8 mm id, except the RC that was 0.5 mm id.
The protocol of flow and timing sequence required for the determination of sulfate in wines is given in Table 1 .
The analytical cycle can be divided in three parts: sample dilution and acidification, turbidimetric determination of sulfate and MC washing. The first part started with sequential aspiration of acid, sample and acid into the HC. Then, the flow was reversed and the stacked zones were sent into the MC. After a certain period of time, 61 Use of a Mixing Chamber for Sample Preparation and Multiple Collection Vol. 14, No. 1, 2003 diluted sample was drawn from the MC to fill the connection to the selection valve.
After flushing the HC, the system was ready to perform the turbidimetric determination of sulfate. EDTA solution, water, diluted sample from MC and BaCl 2 solution were sequentially aspirated into the HC; after selection of the detector port, the HC content was propelled to the spectrophotometer and absorbance measurements were carried out. These steps could be performed up to six times, considering the volume of diluted sample available in the mixing chamber, allowing several determinations with only one sample aspiration. When blank runs were performed, this procedure was the same, except that BaCl 2 solution was replaced by water.
In the last step, MC was washed with water to remove sample remains and to fill it for a new analytical cycle.
Reference procedure
The gravimetric procedure described by OIV 11 was based on precipitation of sulfate as BaSO 4 . After drying and ashing of the precipitate formed, the mass of BaSO 4 was determined by weighing.
Results and Discussion
Development of the SI system
This work aimed the use of a mixing chamber for sample preparation and multiple collection of sample aliquots in a sequential injection system. Hence, after choosing the determination of sulfate in wines and defining the conditions for the physical parameters, the influence of some chemical parameters in the calibration curve was assessed. These studies were performed in a SI system without mixing chamber, using acidified and diluted standards. Finally, sample preparation in the mixing chamber and multiple collection were implemented, placing the chamber in a side port of the selection valve.
Physical parameters. Flow rate was as high as possible (3.55 mL min -1 ), except in those steps where it could affect repeatability. A lower flow rate (0.90 mL min -1 ) was applied during the steps performed for sample dilution and acidification (Table 1 , steps a to e); along the turbidimetric determination, this low flow rate was only applied to draw diluted sample from the MC ( Previous studies indicated that there was a general tendency for the formed penetrated product zone of barium sulfate to disperse more in the tubing when the tube diameter increases. 13 Considering this, tubing of 0.5 mm of internal diameter was used as reaction coil. The straight configuration was adopted and its length was as short as possible to connect the valve and the flow cell.
Chemical parameters. These studies were performed without the MC; the analytical cycle included steps g to k ( Table 1) . As both white and red wines absorb radiation in the UV/visible region, 14 sample dilution was regarded as necessary to minimize wine color interference in the detection system. Considering this, the initial studies of chemical variables were performed with standards between 50 and 500 mg L -1 of K 2 SO 4 and 1% (v/v) ethanol in order to simulate concentration values found in diluted wines. The inclusion of ethanol was regarded necessary as it can decrease the solubility of the reaction product. Standards 15 To avoid the build-up of barium sulfate precipitate in the flow system an alkaline buffer-EDTA solution was used to rinse the tubing between determinations.
The order in which the different sequences of reagents and samples are drawn up and propelled into the detector is very important in SI. Considering this, EDTA and water were first aspirated and the aspiration order of BaCl 2 solution and sample was tested, using 200 µL of 150 g L -1 BaCl 2 • 2H 2 O and 200 µL of K 2 SO 4 standards. The sequential aspiration of sample and reagent was chosen; the slope of the calibration curve in this situation was 6 times the value obtained when the aspiration order was reversed.
The concentration of BaCl 2 was studied between 25 and 200 g L -1 of BaCl 2 • 2H 2 O, using 75 µL of sample and 200 µL BaCl 2 . As BaCl 2 concentration increased, both slope and intercept of the calibration curve increased. For further studies, the solution containing 200 g L -1 was chosen. Preliminary studies indicated that sensitivity was higher for larger sample volume; the chosen sample volume was 100 µL as a compromise between sensitivity and interference from wine matrix.
The volume of BaCl 2 reagent was varied between 50 and 100 µL. Sensitivity increased with volume increasing; the chosen volume was 75 µL as a compromise between sensitivity and reagent consumption.
Mixing chamber introduction. With the previous conditions set, further studies were performed using the MC. For these experiments, concentration of K 2 SO 4 varied between 200 and 2000 mg L -1 , all standards were 10% (v/v) ethanol and 100 µL of diluted sample were drawn from the MC. The sample volume was varied between 150 and 350 µL and the volume transferred to the MC (step d, Table 1 ) was equal to the sample volume plus 100 µL. The results are presented in Figure 2 . Increasing sample volume, sensitivity increased up to 300 µL. As a larger volume (350 µL) gave the same results, the sample volume chosen was 300 µL.
Interference studies. Some cationic and anionic species normally found in wine samples were studied as potential source of interference. The concentration assayed corresponded to the highest values regularly found. 10 ) standard, no interference was detected.
Evaluation of the method and its application to wine samples
The procedure described in Table 1 was applied to several wine samples. Considering the absorbance value in the peak maximum, a calibration curve was established. For determination in wines, each sample was subjected to a "blank run", where BaCl 2 reagent was replaced by water.
The results obtained were compared to those resulting from the reference procedure. 11 Relative deviations between -21.2 and -8.7 % were obtained for white wines; +6.9 and +28.6 % were the values acquired for red wines. These figures indicated that the proposed methodology was possibly affected by systematic errors, owing to wine color interference.
To investigate this possibility, both standards and samples were subjected to the blank run; peak profiles for 500 and 1000 mg L -1 standards and for white and red wine samples are presented in Figure 3 . The peak maximum of the determination signal was not obtained at the same time for standards and white wines. Moreover, the time in which maximum absorbance was reached was not the same for blank and determination signal. This situation can explain the negative deviations obtained for white wines as the value considered for interpolation in the calibration curve was underestimated. Hence, absorbance should be read at a fixed time (Figure 3 , dotted line) for correct blank signal subtraction.
A new calibration curve was established using standards with concentrations between 300 and 1500 mg L -1 of K 2 SO 4 ; the absorbance value considered was the determination signal minus the blank signal; both signals were obtained at a pre-set time. In order to evaluate the accuracy of the proposed methodology, table wine samples were analyzed. The results (C SI ), presented in Table 2 , were compared with those furnished by the reference procedure (C r ); relative deviations lower than 3.5% were found. A linear where the values in parenthesis are 95% confidence limits. From these figures it is clear that the estimated slope and intercept do not differ from the values 1 and 0, respectively. Thus, there is no evidence for systematic differences between the two sets of results 16 obtained by the proposed methodology and by the reference procedure.
Repeatability. It was estimated by calculating the relative standard deviation; in the present work, as the absorbance value results from an arithmetic operation, standard deviation (s) was calculated as where s D is the standard deviation of determination signal and s B is the standard deviation of blank signal. 16 For the analyzed samples, relative standard deviations of absorbance values were lower than 3.5%, except for sample 1; the values obtained for calculated concentrations were lower than 10%.
Detection limit. The detection limit calculation was based on three consecutive performances of the analytical cycle using a 10% (v/v) ethanol solution. The calculated value was the concentration corresponding to the absorbance value (determination signal minus blank signal) plus three times its standard deviation. The standard deviation was calculated as indicated above. 
Conclusions
The mixing chamber, placed in one of the side ports of the selection valve, was used to dilute and acidify the sample. Moreover, it was possible to draw up to six aliquots from the diluted sample, enabling replicate and blank measurements from the same sample portion. This feature also allowed time saving since washing of the mixing chamber was not required between several determination cycles.
In the present work, determination of sulfate was carried out directly in both white and red wines. This feature was an improvement compared to previously reported segmented flow analysis systems, 17 which could only be applied to white wines or required pre-treatment with charcoal for red wines. In the proposed system, the sample color interference was eliminated by conjugating absorbance measurement at a fixed time and subtraction of the absorbance value from a blank run.
The sampling frequency was about 5 samples per hour, which can also be considered an improvement when compared to the time-consuming gravimetric procedure. 11 Hence, the application of the proposed methodology as a screening technique is recommended, despite its lower repeatability when compared to that obtained in the reference procedure.
